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Abstract 
Reliant Medical Group is looking to decrease the average patient wait time at its urgent 
care location, ReadyMED Plus, in Worcester, Massachusetts. ReadyMED Plus’ management 
implemented a fast-track system within their urgent care system to streamline patient flow. This 
project identifies inefficiencies in ReadyMED’s current fast-track system and provides 
recommendations to reduce patient wait times. The team performed a sensitivity analysis on the 
current system by developing a simulation model. This model was used to generate 
recommendations for process flow, and a tool was created to support operational decision 
making within the urgent care system. 
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Executive Summary 
 ReadyMED Plus, an urgent care facility in Worcester, Massachusetts managed by Reliant 
Medical Group, is exploring new operational strategies to reduce patient wait times. The 
facility’s patient volume has continued to rise since the facility opening in 2016 and patient wait 
times have become an increasing concern. In response, ReadyMED Plus management 
implemented a fast-track system in September 2017. This system creates a separate queue in the 
facility for low-acuity patients who can be treated in 20 minutes or less. By implementing this 
separate queue for low-acuity patients, management hoped that both low-acuity and high-acuity 
patients would be seen sooner and the urgent care queue could give full attention to patients with 
more severe symptoms. 
 The fast-track system was effective in reducing patient wait times during the first two 
months of execution, but began to show some issues when patient volume increased significantly 
in November 2017. To determine the efficiency of the fast-track system, we conducted a time 
study at ReadyMED Plus, simulated the current process using Arena Simulation Software, and 
performed a sensitivity analysis to determine which resources could be better allocated. We also 
conducted a staff satisfaction survey to collect their thoughts regarding the fast-track system and 
patient wait times at ReadyMED Plus. Finally, we combined our sensitivity analysis data with 
the data collected from our staff survey to provide ReadyMED Plus management with two main 
operational recommendation scenarios. Our recommended system had the potential to reduce the 
average patient wait time at ReadyMED Plus from 83 minutes to 74 minutes by eliminating the 
fast-track system, reallocating resources, and staffing another MA. We also provided ReadyMED 
Plus with a monthly data analysis tool, operationalized in Excel, to graphically represent the 
monthly patient volume and wait times. This tool also calculates the patient volume and wait 
time forecast for the coming month and was provided to assist in any future operational changes 
made at ReadyMED Plus. 
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Chapter 1: Introduction 
 Hospitals and urgent care facilities throughout the United States are continuously 
searching for ways to reduce wait times for incoming patients and streamline operations to 
improve process efficiency. Establishing a “fast-track” process for patients with conditions that 
can be treated quickly can reduce wait times and improve the overall patient flow. The process 
establishes a double-queue after patient registration and allocates specific resources to each 
queue. One queue is designated for fast-track patients with less severe conditions which require 
fewer resources for treatment, while the other queue holds the remainder of the incoming 
patients. An efficient fast-track process can enable critical patients to be treated earlier, reduce 
the average length of stay, save money for both the healthcare facility and the patient, and 
increase both patient and staff satisfaction (DeSotto et al., 2012). 
1.1 Problem Statement 
ReadyMED Plus wanted to determine the most effective methods to reduce patient wait 
times through the evaluation of its patient flow and fast-track process. Reliant Medical Group’s 
ReadyMED Plus facility in Worcester, Massachusetts had been testing a fast-track process since 
September of 2017. ReadyMED Plus assigned two of fourteen exam rooms to treatment of fast-
track patients. Patients aged between 18 years and 75 years and registering with a sore throat, a 
cough/cold, a rash, an arm/leg injury, a urinary tract infection, or an eye problem as the chief 
complaint are assigned to the fast-track queue. About 20% of ReadyMED Plus patients are 
assigned to the fast-track queue at registration and the average patient wait time before being 
taken to an exam room initially went down from 34 minutes before the implementation of fast-
track to 28 minutes after a month of fast-track. Reliant Medical Group desired a better 
understanding of the benefits of a fast-track process, and analysis and improvement of its current 
fast-track process for patient flow efficiency. 
1.2 Problem Definition 
Due to the variability and volume of urgent care work, patients often face long wait 
times. One of the most significant impacts of these long wait times is a reduction in patient 
satisfaction. Anderson et al. (2007) found that every additional hour a patient waits represents a 
25-40% reduction in patient satisfaction. This association between long wait times and low 
patient satisfaction is depicted in Figure 1. The figure shows there is a correlation between an 
increased wait time and decreased patient satisfaction. The yellow, pink, and blue lines represent 
the amount of time the doctor spends with the patient. More time with the physician also 
correlates with higher patient satisfaction. 
 
 12 
 
Figure 1: Satisfaction with patient care and waiting time by level of MD visit time (Anderson et al., 2007) 
 
Companies lost twice as many workdays for employees’ health-related reasons compared 
to all other reasons, such as personal or civic obligations (Hedges, 1977). Much of this lost time 
occurs during wait times for medical care, which can last hours, even for primary care (Hedges, 
1977). This impact extends past workers’ lost pay to companies themselves, which can lose up to 
2% of their scheduled labor to these medical absences (Hedges, 1997). 
Finally, the financial impact extends to patients themselves. Many patients do not have 
time to wait in a long queue for treatment at urgent care facilities or for multiple visits to their 
primary care physicians, so they go to the Emergency Room (ER) instead. This is an expensive 
option for the patient, as ER visits cost far more than primary or urgent care visits. In addition, 
more people in the ER can prevent patients who actually need ER care from receiving that care 
(Kangovi et al., 2013). Reducing wait times at primary and urgent care providers can improve 
patients’ lives, provider efficiency, and community health outcomes.  
Another issue occurs when patients leave the urgent care center without having been 
seen, a phenomenon referred to as “left without being seen” (LWBS), often as a result of having 
to wait a long time before seeing a clinician. Several significant issues result from this 
phenomenon including decreased patient satisfaction, legal issues, and reduced profits (Pham et 
al., 2009). In addition, a study found that 11% of patients classified as LWBS ended up in the 
hospital within seven days (Pham et al., 2009). Hospitalization also results in higher costs for the 
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patient, as hospital stays tend to be far more expensive than urgent care visits, with preventable 
hospitalizations costing over $30 billion annually (Kangovi et al., 2013).  
1.3 Project Goal and Objectives 
The goal of this project was to analyze ReadyMED Plus Worcester’s fast-track process 
and provide recommendations to reduce patient wait times.  
The project goal was accomplished through the following objectives: 
1. Establish and document the current state of the system. 
We had to first understand the current state of the operations at ReadyMED Plus 
to recommend improvements. To accomplish this we took a tour of the 
ReadyMED Plus facility and conducted staff interviews. We obtained process flow 
times for all operational aspects at ReadyMED Plus through observations and a 
formal time study. 
2. Conduct a sensitivity analysis of the current fast-track process using Arena 
Simulation Software. 
We used our time study data to create a discrete-event simulation using Arena 
Simulation Software. We then conducted a sensitivity analysis on this model by 
changing certain parameters to recommend a more efficient system.  
3. Develop recommendations based on the sensitivity analysis to help ReadyMED Plus 
decrease patient wait times. 
 These recommendations were presented to ReadyMED Plus’ management. 
4. Create a monthly data analysis tool to help ReadyMED Plus model and evaluate 
their future operational changes. 
This tool was given to ReadyMED Plus’ management to monitor our 
recommendations and any operational changes implemented in the future. 
1.4 Project Deliverables 
 We provided Reliant Medical Group with two main deliverables by the end of the 
project: 
● A set of recommendations for the ReadyMED Plus Worcester facility to improve 
fast-track efficiency and overall patient flow based on the results of the sensitivity 
analysis. 
● A monthly data analysis tool to evaluate future operational changes. 
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Chapter 2: Background 
This section details the delivery aspects of the healthcare industry, including patient 
metrics, and patient acuity that must be understood before developing an informed analysis. 
2.1. Healthcare Tiers 
 There are four main levels of medical care within the United States healthcare system 
distinguished by severity -- primary, secondary, tertiary, and quaternary. Primary care is the most 
basic and general form of care which accounts for treatments of cold or flu symptoms as well as 
acute medical problems like broken bones or other injuries. Primary care offices also direct 
patients to more specialized care if required. Secondary care is the care a patient receives from a 
specialist. Secondary care is used mostly when the patient has an ailment that cannot be treated 
within primary care. 
The next level of care is tertiary care; this escalation is denoted by hospitalization. 
Tertiary care requires a lot of equipment and expertise, and can encompass specialized surgeries 
and treatments. Quaternary care is the most advanced level of care, and an extension of tertiary 
care. Rare surgeries and experimental procedures are considered quaternary care (Torrey, 2017). 
This project is involved in Urgent Care which is often a substitution for Primary care and can act 
as primary care in many cases.  Figure 2 illustrates the different levels of health care. 
 
 
Figure 2: Primary care to quaternary care (Torrey, 2017) 
2.1.1 Primary care  
Primary care is treatment given to any undiagnosed health concern by a physician who is 
specifically trained to be the first contact and help coordinate continued care. A primary care 
practice is typically a patient’s first interaction with the healthcare system. Primary care 
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physicians can help treat a wide variety of ailments, but also are able to recommend to a patient 
which secondary, tertiary, or quaternary providers he or she might see next. (Esposito, 2017). 
2.1.2 Urgent care  
Urgent care centers are another facet of the United States healthcare system. Urgent care 
facilities are a convenient option for when a patient cannot schedule a timely appointment with 
his or her regular physician, or if an ailment or injury needing medical attention occurs outside of 
normal business hours. Urgent care centers offer an efficient, cost-effective, and convenient 
alternative to waiting in a hospital emergency room. Treatment and equipment vary at each 
urgent care facility yet the majority of centers will treat minor ailments, broken or fractured 
bones, sprains, back problems, and small lacerations. If a condition is life or limb threatening, the 
patient must go directly to an emergency room. 
2.2. Performance Metrics Used in Primary Care 
There are many primary care patient metrics used across healthcare systems around the 
world. Some of the most widely used metrics are length of stay (LOS), time to service, and 
resource cost metrics. These are a few of the universal metrics used consistently to validate 
patient care, which are crucial to measure and benchmark patient satisfaction. Additional metrics 
are listed in Appendix A. Effective measurement of patient experience, physician performance, 
quality of care, and other factors can be used to compare care experiences delivered by different 
providers in different locations, and to improve patient satisfaction in the future by analyzing 
past data. This information can be analyzed at the organizational level, or across organizations, 
to ensure health care facilities are successfully achieving their mission of healthcare delivery. 
(LaVela, 2014).  
2.3 Patient Acuity and Fast-Track 
High patient volume in an emergency or urgent care department can lead to patients 
leaving the waiting area before being seen, a patient’s reduced likelihood to return to the same 
facility for treatment in the future, and a decrease in a patient’s overall satisfaction with the 
experience (Anderson et al., 2007). Under such crowded conditions, it is necessary to ensure that 
patient care is both high-quality and timely,  to ensure a patient’s condition does not deteriorate 
as they wait. Furthermore, patient satisfaction has been found to decrease as wait times increases. 
To make certain all patients get the care they need when they need it, emergency and urgent care 
departments often triage patients using the Emergency Severity Index (ESI) (Gilboy et al., 2012). 
Developed in 1999, the ESI is a clinical tool developed to measure patient acuity, and prioritize 
patients. To assign an ESI for a particular patient, a triage nurse records vital signs and asks for a 
brief patient history, as well as the chief complaint the patient is presenting. 
 16 
The ESI uses a combination of vital signs (obtained from the patient in question) and 
estimated number of resources required for treatment (based on the patient’s history or 
complaint). The algorithm uses a scale of 1-5 to assign a number to each patient, with an ESI of 
1 requiring “immediate life-saving intervention” and an ESI of 5 requiring no predefined 
resources. Figure 3 shows the triage levels calculated from the algorithm.  
 
 
Figure 3: Emergency severity index (ESI) criteria (Gilboy et al., 2012) 
 
Resources and non-resources are detailed in Table 1 (Gilboy et al., 2012). Patients’ vital 
signs and general conditions (responsiveness, relative pain levels) are assessed first, and those 
with concerning vital signs will be automatically assigned an ESI of 1 or 2. A nurse estimates the 
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number of resources that would be required for patients with stable vital signs, and then assigns 
an ESI of 5, 4, or 3 based on whether zero, one, or multiple resources would be required.  
 
Resources Not Resources 
● Labs 
● ECG, X-ray 
● CT, MRI, ultrasound, or angiography 
● Patient history, physical exam 
● Point-of-care testing 
● Intravenous fluids  ● Saline or heplock 
● Intravenous, intramuscular, or 
nebulized medication  
● Oral medications 
● Tetanus immunization 
● Prescription refills 
● Specialty consultation ● Phone call to primary care provider 
● Simple procedure = 1 (laceration 
repair, foley catheter insertion) 
● Complex procedure = 2 (conscious 
sedation) 
● Simple wound care 
● Crutches, splints, slings 
Table 1: Resource Classification (Gilboy et al., 2012) 
Any patient with an ESI of 1 or 2 should be seen immediately, because he or she is at 
high risk for permanent damage or death. However, a patient with an ESI of 5 typically does not 
want to wait in the waiting room for many hours to receive care. To balance these two competing 
objectives, systems known as “split-flow” or “fast-track” have been implemented in urgent care 
and emergency departments (DeSotto et al., 2012). These systems separate patients by acuity and 
assign them to two separate sets of resources. For example, in a fast-track system there is a 
dedicated physician to see high-acuity patients, and a dedicated physician treating low-acuity 
patients, thus ensuring rapid processing for both high-acuity patients and low-acuity patients.  
2.4. Reliant Medical Group 
 Reliant Medical Group provides a full range of primary care and specialty services to the 
Central Massachusetts area (Reliant Medical Group, 2014). Reliant’s primary care encompasses 
many different departments: Adult Medicine, Family Practice, Pediatrics, Geriatrics, Urgent 
Care, OB/GYN, and Hospital Medicine. There are seven Reliant locations in Worcester, 
Massachusetts and fourteen clinics in surrounding towns. Reliant’s mission statement is to 
“maximize the health of our patients and the community through expert medical care, 
compassion, innovative delivery models, medical research and education, and the appropriate use 
of health care resources” (Reliant Medical Group, 2014). 
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 ReadyMED and ReadyMED Plus are the urgent care branches of Reliant Medical 
Group’s practices. ReadyMED Plus does not accept appointments for most services; instead, 
patients utilize a walk-in queuing system to receive direct medical attention. There is a lab, a 
CAT scan machine, and an X-ray machine available if needed for diagnostic purposes after an 
initial walk-in evaluation. ReadyMED Plus doctors work in partnership with advanced 
practitioners and medical professions to provide care for a wide range of illnesses. After a walk-
in visit, ReadyMED Plus is able to provide the patient’s personal care doctor with a report of the 
visit, including diagnosis, treatment recommendations, and a list of any medication the patient 
was prescribed.  
ReadyMED Plus treats a variety of ailments, including (ReadyMED.org, 2016): 
● Coughs, colds, fever and flu 
● Sore throat 
● Earaches 
● Minor lacerations 
● Nausea, vomiting and diarrhea 
● Sprains, strains, fractures 
● Non life threatening allergic reactions 
● Back pain 
● Rashes 
● Minor burns 
● Urinary infections 
● Last-minute college, sports, employment or camp physicals 
● Tetanus shots 
  
When we began our project in August 2017, ReadyMED Plus operated under a single-
queue registration process. Before a patient even walked into the facility lobby, he or she went 
through a quick pre-registration process at one of two kiosks. In this step the patient filled out his 
or her name, date of birth, insurance provider, and chief complaint, then went to the waiting 
room. This information was automatically sent to a Medical Assistant (MA) sitting in “the 
Bubble,” a small enclosed area for official registration. The MA called the patient into the 
Bubble for registration and assigned him or her to pediatrics, fast-track, or urgent care. Based on 
resource availability and severity of the case the patient was brought back to an exam room to be 
seen by a clinician. This process is illustrated in Figure 4 below. 
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Figure 4: ReadyMED Plus process flow from August 2017 to January 2018 
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Chapter 3: Literature Review 
The beginning of this chapter contains information about best practices used in 
streamlining healthcare operations and increasing patient satisfaction. The second section of this 
chapter describes key findings from analyses in healthcare delivery using discrete event 
simulation software. 
3.1 Improving Healthcare Operations and Patient Satisfaction 
There is no standard model workflow that all healthcare facilities follow, yet potential 
operational adjustments are continually being studied to increase patient satisfaction in the 
healthcare system. In 2005, the Journal of General Internal Medicine published an article 
describing the key characteristics that healthcare facilities should encompass to flow smoothly by 
the year 2020 (Audet et al., 2005). The characteristics described are as follows: 
● Superb access to care: ease of scheduling timely and efficient appointments and easy 
access to prescription refills and lab services; 
● Patient engagement in care: patients being  fully informed of their diagnoses and 
engaged in their treatments; 
● Clinical information systems that support high-quality care, practice-based learning, and 
quality improvement: efficient registries and monitoring adherence; ease of access to 
laboratory and diagnostic test results; 
● Care coordination: tracking of tests results and procedures; communication between 
healthcare providers; systems to prevent errors that occur when multiple physicians are 
involved; 
● Integrated, comprehensive care and smooth information transfer across a fixed or virtual 
team of providers: elimination of information duplication and testing across practitioners; 
● Ongoing, routine patient feedback to a practice: use of low-cost internet or paper surveys 
to understand what could be improvement through the eyes of the patient; 
● Publicly available information on practices: information by which a patient could choose 
a physician or a practice most likely to meet the patient’s needs (Audet et al., 2005). 
 
Other researchers delved into how the specific layout of healthcare facilities can be 
streamlined to increase patient satisfaction. For example, one article describes how a Lean 
manufacturing style layout in laboratory services could increase the flow and remove wasteful 
movement from the primary care office (Joseph 2006). We suggest that that the improvements 
arising from such a laboratory layout can be extrapolated to the operations in urgent care and 
primary care facilities. The objectives of an optimal Lean layout include:  
● Obtaining smooth flow; 
● Minimizing handling distances; 
● Reducing walking distances and work in progress; 
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● Improving visibility for effective management of operations, the work environment, and 
inventory management. 
Furthermore, Joseph (2006) states that the evaluation begins with understanding the 
workflow, measuring cycle times and turnover times, as well as analyzing specimen arrival times 
and workload by hour of day. This evaluation may include a value stream map of the services 
where takt time1 is calculated and used as a maximum value for cycle time. After the evaluation, 
the author emphasizes accounting for planned growth and activity projections in the model. A 
comparison of cycle and takt times provides a picture of capacity of each process and illustrates 
which areas require additional capacity. It is then recommended that workflows are assigned 
weights and the development of a layout uses linear programming optimization methods to 
generate a layout that maximizes the efficiency of operations. 
In addition to research done on the importance of healthcare facility layouts, a group of 
researchers at Studer Group identified three best practice models for driving efficient patient 
flow in emergency departments. We believe the following flow models can be extrapolated to 
primary and urgent care facilities struggling with lengthy wait times (Baker et al., 2014): 
1. Provider-in-Triage Model 
This method places a provider in the triage area to quickly examine and treat low-
acuity patients. This flow model is best for facilities that experience a high rate of 
LWBS patients who are considered low-acuity (ESI 4 or 5). 
2. Super-Track Model 
This method is similar to the fast-track method implemented at ReadyMED Plus 
Worcester. The super-track model designates specific resources for low-to-middle 
acuity patients (ESI 3-5). This model works well in facilities with high volume 
and LWBS patients. This model allows the mid-level acuity patients to be treated 
more quickly, which results in reduced length of stay and improved throughput 
metrics. 
3. Split-Flow Model 
The split-flow model is beneficial for facilities that experience high rates of 
LWBS patients and excessive length of stay patients. This model alters the patient 
flow for all incoming patients (ESI 1-5). In this model, triage nurses either put 
patients in the rapid-treatment area (ESI vertical 3, 4 or 5) or the core area (ESI 1, 
2 or horizontal 3). In this model, it is important to keep low ESI patients vertical 
and promote bed turns with horizontal patients. Once a provider completes a 
patient evaluation, that patient is moved to a results-pending area in order to free 
evaluation space for waiting patients. 
 
At Wellstar Paulding Hospital in Dallas, Georgia, a group of researchers improved the 
ER process by implementing a fast-track system in 2009. They now have fifteen ER beds, five  
                                               
1 Takt time is the rate at which a finished product needs to be completed in order to meet customer demand, 
calculated by dividing net available time by customer demand. 
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of which are fast-track (Haller, 2011). Haller (2011) noticed that low-acuity patients waited the 
longest in the ER before seeing a practitioner. They implemented the fast-track system and then 
reviewed its effectiveness twice, and changed any portions of the system that were not as 
effective as desired. The implemented fast-track process lowered Wellstar Paulding Hospital’s 
LWBS rate from 4.5% to 1.5% and decreased patient wait time from 62.2 minutes to 41.9 
minutes. One of the problems they noticed was that patients appreciated privacy just as much as 
efficiency. Wellstar Paulding Hospital improved the privacy of the fast-track rooms halfway 
through the implementation of the fast-track process to increase patient satisfaction (Haller, 
2011). This case of fast-track implementation shows that the approach can be very effective in 
reducing LWBS rate and wait times in facilities with processes similar to those of an ER. It also 
shows that one way to ensure the system is working is to monitor patient satisfaction closely and 
adjust what needs to be adjusted. This type of follow-up is what makes process improvement 
projects the most effective.  
3.2 Healthcare Sensitivity Analyses Using Arena Simulation Software 
 Simulations can be used to help verify that processes are working or evaluate more 
effective ways to continue operations.  
A Discrete Event Simulation (DES) software, Arena, was used to model the current 
patient flow processes. Learning about benefits and challenges of employing this software in 
healthcare operations is vital to ensure a successful project. Our project will examine how the 
fast-track process affects overall patient wait times and LWBS rates.  
One case study in particular analyzes how patient transfers among departments can 
reduce patient wait times (Blasak et al., 2003). Rush North Shore Medical Center wanted to 
improve operations among its ED and telemetry departments by reducing patient wait times to be 
transferred, and identifying and eliminating bottlenecks in the process (Figure 5). This was done 
through the following steps: 
● Visualize interactions between staff and patients; 
● Determine and quantify bottlenecks; 
● Reduce ED time pre diagnosis; 
● Reduce ED time post diagnosis; 
● Determine telemetry impact on system; 
● Identify communication bottlenecks. 
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Figure 5: Telemetry unit process flow (Blasak, Armel, Starks, Hayduk, 2003) 
Several aspects of the (Blasak et al., 2003) study are applicable to our project. The overall 
methodology used could be helpful in modeling our project, shown in Figure 6. Similar to the 
one at North Shore Medical Center, the first step of our project was to visualize and understand 
the current fast-track process. Careful planning was vital to produce a successful model, so 
ensuring we had a comprehensive, realistic plan before we begin collecting data ensured our 
project had a positive impact on patient metrics (Blasak et al., 2003). 
 
 
Figure 6: Arena simulation methodology (Blasak, Armel, Starks, Hayduk, 2003) 
Another group of researchers examined an outpatient clinic in a Cincinnati hospital 
(Weng et al., 1999). Patient flow was simulated with Arena software, with the goals of 
maximizing patient throughput and reducing patient time in the system. Staffing was the main 
parameter modified. Data was manually collected by engineers and obtained from previous 
years. To simplify the model, several assumptions were made. Our project could utilize a number 
of learnings from this case. In particular, it would be important for us to define our assumptions, 
as any modeling approach requires some assumptions. We could not possibly model every single 
aspect of the ReadyMED Plus process, so it was necessary to determine which features should be 
modeled stochastically and which could be held at a constant value, or assumed. In addition, 
statistical analysis is another part of a successful model, because it helps ensure the 
recommendation developed is useful to the organization. Finally, an implementation plan 
necessary to consider factors involving people. If the people whose routines are changed by a 
recommendation see no value in the change, it can not be successfully implemented. People need 
to see the “what’s in it for me” factor to be willing to switch their daily routine (Weng, 
Houshmand, 1999). 
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A WPI Major Qualifying Project team also used Arena software to simulate a patient 
flow problem at Saint Vincent Hospital in Worcester.  DeSotto et al.’s (2012) model simulated a 
split flow process (a two-track process similar to Reliant’s fast-track process) in the emergency 
room. Data was collected, employees were interviewed, and the process was observed. Key 
metrics were identified as door-to-doctor time, resource utilization, and total length of stay. A 
sensitivity analysis was performed for quantities of various resources, and the team determined 
that the most effective way to improve these metrics was for the emergency department to add an 
additional physician to a certain area of the hospital. In addition, the team determined that the 
split flow process was effective and should continue in the emergency department of Saint 
Vincent. From this project we gained a better understanding of how we could collect data, given 
our time constraints as full-time students. In addition, we modeled our methodology after the one 
in this project. Our project’s goal is similar to that of this project, as we want to improve metrics 
by conducting a sensitivity analysis. 
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Chapter 4: Methodology 
The goal of this project was to perform an analysis of ReadyMED Plus Worcester’s fast-
track process. The four objectives we needed to achieve in order to accomplish our goal are 
detailed in Figure 7 and include:  
1. Establishing the current state of the system 
2. Conducting a sensitivity analysis using Arena Simulation software 
3. Developing recommendations  
4. Creating a process support tool for Reliant 
A timeline for these objectives can be found in Appendix B. 
 
 
Figure 7: Project goals, objectives, and associated tasks 
4.1 Establish and Document Current State of System 
Our first objective was to set a benchmark for the efficiency of the current patient flow 
process by collecting data from the current system. This helped us to establish a baseline for wait 
time at ReadyMED Plus. We began this step by observing the current patient flow process, 
especially the fast-track subset, in terms of patient processing. In addition, we conducted loosely-
structured, informal interviews with several of the MAs responsible for most of the patient 
processing to determine their opinions on the current process. This observation process helped us 
understand the problem and determine the project’s scope. We also requested data from 
ReadyMED Plus pertaining to patient arrival, processing, treatment, and departure. All patient 
identifying information was removed from the data so that we did not violate the Health 
Insurance Portability and Accountability Act of 1996 (HIPAA) regulations. 
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We also conducted a time study at ReadyMED Plus. We had been given the results of a 
time study undertaken at the facility, but the data we had received had too small of a sample size 
to be statistically significant. Our goal was to collect at least the statistically significant value of 
30 data points for each type of patient (pediatric, urgent care, and fast-track), as well as 
registration times. We waited outside the patient rooms and recorded the times the MAs and 
physicians were inside the rooms, as well as the room turnover rate. We also sat inside the 
registration bubble and recorded times for the registration process. This provided a better set of 
data for us to use in our simulation model. 
Finally, we administered a staff satisfaction survey to gauge staff understanding and 
interest of the fast-track system. ReadyMed Plus’ staff responses were summarized and 
important findings were presented with our final recommendations. 
4.2 Conduct Sensitivity Analysis Using Arena Simulation Software 
Our next objective was to conduct a sensitivity analysis to analyze the effects of each of 
the parameters on the overall patient metrics. Data and parameters for the analysis consisted of 
patient flow data we obtained from our time study and results from our staff interviews. We built 
a discrete event simulation model using Arena Simulation Software to model the fast-track 
patient flow process throughout the clinic compared to the urgent care and pediatric patient flow 
processes. The DES model takes in data, such as interarrival times and the number of resources, 
to simulate an operational process and return statistical measures, such as work in process (WIP) 
and cycle time. The data we obtain from ReadyMED Plus was processed into a .txt file, a format 
compatible with Arena and an associated program, OptQuest. After we built the model, we 
validated it by talking through each step of the logic with our contact at ReadyMED Plus. We 
also verified the model output to ensure our logic was preforming as expected. We ran a number 
of verification scenarios, for example removing vital resources, such as doctors, from the system 
to ensure the model was not able to run without them. This validation and verification was vital 
to ensure our model would be accurate and useful to the operations of ReadyMED Plus. 
Next, we uploaded the data we obtained to the simulation model, ran the model, and 
recorded the results of the changed parameters on the wait time. We then identified parameters 
that could be adjusted to improve the patient flow at ReadyMED Plus. For instance, the number 
of exam rooms assigned to the fast-track queue was a parameter worth adjusting to reduce 
patient wait time and the LWBS rate. Based on our conversations with the ReadyMED Plus staff 
members, we ran the model with changes in each of these parameters using an optimization 
program called OptQuest. We then recorded all of the results in terms of relevant metrics and 
parameters changed. A few important parameters we focused on were the number of exam 
rooms, number of clinicians, and number of patient queues available. All this data was recorded 
in a spreadsheet to ensure that no information was lost in these multiple iterations.  
To ensure we would provide the most complete model possible to Reliant, we worked 
with the OIE 3460 Simulation Modeling and Analysis class during B Term in 2017. This year’s 
OIE 3460 students completed a simulation project as part of their grade for the course, and our 
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team was a sponsor of one of the projects. We asked students to model the registration and 
rooming process and perform a sensitivity analysis to determine which variables have the 
greatest impact on Reliant’s processes. Having several different models gave us additional ideas 
of the process to evaluate, and the partnership helped us present a more complete analysis to 
Reliant. 
4.3 Develop Recommendations 
Our third objective was to develop recommendations based on findings to help 
ReadyMED Plus decrease patient wait times. To achieve this objective we analyzed the 
parameters that had a significant effect on patient wait times. These parameters were determined 
from our observations and interviews with staff members. We utilized the results from our 
sensitivity analysis as well as data we gather through our on-site observations to identify 
bottlenecks or processes that could be made more efficient. We also determined which 
budgetary, regulatory, capacity or other constraints affect the process and workflow. After 
synthesizing all of this information we proposed new ways for ReadyMED Plus to operate in 
order to save time and money, and improve patient satisfaction. 
4.4 Develop a Monthly Data Analysis Tool For ReadyMED Plus  
The final deliverable for ReadyMED Plus was a computer based tool to help analyze the 
data collected within the facility and monitor future operational changes. We created a tool using 
Excel and Visual Basic for Applications (VBA) Software that takes patient arrival data collected 
from the kiosk, as well as “reg to room time”, a colloquial term for the time after the patient is 
registered by the MA and before the patient is brought to an exam room. With this collected data, 
ReadyMED Plus is able to analyze patient volume and patient wait times. This tool takes in new 
monthly data and compares it with patient wait times and patient volume from previous months, 
as well as the overall monthly average.  This tool is a user-friendly data analysis tool to compare 
monthly metrics and serve as a resource to monitor any future operational changes. This tool also 
has a weighted moving average forecast to predict the next month’s patient volume and average 
wait time. We provided this tool, along with our recommendations from the sensitivity analysis, 
to ReadyMED Plus as deliverables. 
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Chapter 5: Monthly Data Analysis Tool 
5.1 Overview 
 While working with ReadyMED Plus we noticed a need for a quicker way to evaluate the 
monthly data, especially over multi-month time horizons. We decided to design a tool to help 
assist ReadyMED Plus with monthly and multi-monthly data analysis and forecasting. This tool 
allows the company to look at new patient volume and wait time data and quickly see how the 
last month compares to the overall timeline. It also provides a comprehensive look at the last 
year of data. This tool was created to serve as a way to monitor the next month’s patient volume 
and patient wait time forecast based on previous monthly data and to analyze the impact of any 
future operational changes. 
 The tool displays plots of the Monthly Volume vs. Wait Time, Average Wait Time by Birth 
Year, Average Wait Time by Day of the Week, and Average Wait Time by Appointment Type. 
These were metrics were deemed most appropriate by our sponsor. The Monthly Volume vs. Wait 
Time indicates the effect a change in the volume of people arriving at ReadyMED Plus has on 
the wait time. The Average Wait Time by Birth Year graphic shows the average wait times of 
different age groups for treatment. The Average Wait Time by Day of the Week graphic helps to 
evaluate cyclical patient volume throughout the course of the week. Finally, the Average Wait 
Time by Appointment Type graphic is a way to evaluate the fast-track system’s patient volume 
and wait times compared to these metrics in the urgent care and pediatrics sectors.  
5.2 Design 
  The tool was created to be user-friendly and helpful for overall operational analysis at 
ReadyMED Plus. It was created using Visual Basic for Applications in Excel. The tool consists 
of four main visual graphics, a forecasting measure for the next month, and VBA-coded buttons 
to click through previous months’ data (Appendix C). Each month clicked is automatically 
compared to the average of all months over time. The code used in the tool and the user guide 
can be found in Appendix D.  
5.3 Variables 
 The data and associated variables  are obtained from data that ReadyMED Plus already 
collects. The variables used in the tool are many of the metrics involving the process of a patient 
being placed into a room (Figure 8). The tool also tracks the type of treatment that the patient 
receives - urgent care, fast-track or pediatric. A moving monthly average forecast was used, one 
which predicts the average of the next month’s patient volume and wait time. The average that 
we used was a three-month weighted moving average with 70% of the forecast predicted from 
the last month, 20% from the second to last month, and 10% from the third to last month.       
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Figure 8: Screenshot of  the monthly data analysis tool 
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Chapter 6: Findings and Analysis 
Through our observations, we developed an analysis of Reliant’s use of space, staff, scheduling, 
and data collection. 
6.1 Time Study Observations 
 To collect complete and accurate data for specific process times throughout ReadyMED 
Plus’ operating system, our team conducted a time study. Observations were made at 
ReadyMED Plus throughout B and C-term to observe and time a variety of processes. Different 
days and time slots were chosen for each visit to mimic the variability found in the system. Our 
team decided to focus on observing from three main areas: urgent care rooms, pediatric and fast-
track rooms, and the registration bubbles. Each team member observed the same area during 
each visit to avoid inconsistent data collection. An example of the data collected from a visit is 
shown in Table 2. Our full time study data can be found in Appendix E. 
 
 
Table 2: Time study data collection format example 
6.2 Time Study Data Analysis and Findings 
Our time study provided valuable insight on the operations at ReadyMED Plus and 
important statistics for use in our sensitivity analysis. Table 3 shows our findings from the urgent 
care portion of the time study. The rest of the time study data can be found in Appendix E. 
 
Process Time (minutes) 
Total MA Time 8.57 ± 3.09 
Total Wait Time between MA and MD 21.22 ± 11.31 
Total MD Time 12.89 ± 5.22 
Total Patient Time 46.61 ± 19.00 
Total Time to Cleaned Room 3.95 ± 2.42 
Table 3: Time study data analysis on urgent care pod 
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Our model simulates the stochastic nature of a dynamic healthcare environment. We 
decided to utilize time-study data distributions rather than actual time-study data for our discrete-
event simulation, in order to model the stochastic and variable nature of clinical operations. Input 
Analyzer is a tool built into Arena Simulation Software that fits a set of data points to a 
distribution, and it was used to determine the most appropriate distribution of data for the results 
of the time study. The detailed distribution analysis for the urgent care and pediatric processing 
times are in Appendix F, and a summary of distribution data is detailed in Table 4, with all units 
as minutes. 
 
 
Metric Distribution Expression in Arena 
(min.) 
Sample 
Mean 
(min.) 
Sample Standard 
Deviation (min.) 
UC MA time Weibull 3.5+WEIB(5.02,1.51) 8.03 3.09 
UC wait time 
between MA and 
MD 
Weibull 4.5+WEIB(16.8,1.37) 19.9 11.3 
UC MD time Erlang 4.5+ERLA(3.67,2) 11.8 5.22 
UC total time in 
exam room 
Weibull 19.5+WEIB(24.6, 1.19) 42.7 19 
Pedi MA time Gamma 4.5+GAMM(2.53, 1.58) 8.5 3.19 
Pedi wait time 
between MA and 
MD 
Beta 0.5+34*BETA(1.12, 2.05) 12.5 7.96 
Pedi MD time Erlang 2.5+ERLA(1.89,3) 8.17 3.53 
Pedi total time in 
exam room 
Gamma 15.5+GAMM(12.3, 1.59) 35.1 18 
Table 4: Time distributions 
6.3 Arena Simulation Analysis and Findings 
Rockwell Arena Simulation Software is a discrete event simulation software used to 
model complex processes. It was used to build a model of the patient processing system at 
ReadyMED Plus, from the moment the patient walks in the door to the time he or she leaves the 
facility having received treatment (Figure 9). Input data for patient arrivals and process service 
times were modeled as described in Table 4. Output data is collected throughout each step of the 
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simulation. More information about the simulation’s design is detailed in Appendix G.  
 
 
Figure 9: Arena simulation model 
Preliminary runs of the model indicated that we should examine two separate scenarios, 
one with fast-track and one without fast-track. The same model was used, but the fast-track 
percentage and the room classifications were modified. Total patient wait times were compared 
and resource quantities were adjusted in order to determine the best configuration of resources to 
minimize patient wait times. 
Once we gathered this time-study data of registration, MA, physician, wait, and total 
times, we ran OptQuest, a program which compares the outputs of many different Arena 
scenarios by changing values of model variables. The results developed from OptQuest are 
detailed in Section 7.1, and formed the basis for our optimal scenario recommendation. 
 
6.3 Staff Satisfaction Survey Data Analysis and Findings 
Our staff satisfaction survey provided us with valuable insight regarding ReadyMED Plus 
operations and the employee opinions regarding the fast-track system. A total of 25 ReadyMED 
Plus employees responded to our survey.  
From this survey, we found that the 72% of the surveyed ReadyMED Plus employees 
agreed that fast-track was an effective option to reduce wait times but 84% also agreed that 
patient wait times were an issue and there should be changes made to the current system. We 
found that all employees were willing to change or were indifferent to changing certain aspects 
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of their job to better the system and fourteen of the respondents left additional comments 
regarding the current operations at ReadyMED Plus. The full results of our survey, including 
additional comments made by the employees about ReadyMED Plus’ operations can be found in 
Appendix H. 
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Chapter 7: Results and Recommendations 
We ran two separate scenarios of our discrete event simulation model. The first scenario 
had 20% fast-track patients, which was obtained from historical data, while the second scenario 
had no fast-track patients. OptQuest, an optimization software compatible with Arena, was used 
to determine the best resource configurations for both the fast-track and the non-fast-track 
system to minimize patient time at the facility. Two sets of recommendations were developed, 
the first removing the fast-track system and redistributing resources to urgent care and pediatrics, 
and the second keeping fast-track. Each of the OptQuest simulations was run with the objective 
of minimizing wait times, and the constraints remained the same for each simulation. After 
obtaining our OptQuest results, we conducted statistical analysis of the outcomes of each of the 
two scenarios. 
7.1 OptQuest Model Structure 
The OptQuest model had several different aspects: controls, constraints, objectives, and 
results. Aspects of each are detailed in the sections below, and additional information is provided 
in Appendix I. 
7.1.1 Controls 
In order to provide a useful, realistic recommendation, we set lower and upper bounds on 
resources and variables in the ReadyMED Plus operating system, as well as suggested values. 
They are detailed in Table 5 below. 
 
Name Low High Suggested 
Kiosks 1 2 2 
Reg bubbles 1 3 2 
Fast-track doctors 0 2 1 
Fast-track rooms 0 3 2 
Pedi doctors 1 3 1 
Pedi rooms 4 7 5 
Urgent Care doctors 2 4 3 
Urgent Care rooms 7 9 8 
MA’s 6 9 8 
Table 5: OptQuest parameter bounds 
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7.1.2 Constraints 
Several constraints were added to the model in order to model the limitations of the 
system. The first constraint was that the sum of the fast-track, pediatric, and urgent care rooms 
could not exceed fourteen, as only fourteen exam rooms are available in the current facility. In 
addition, resource limits were imposed (see Section 7.1.1) because it would be unreasonable for 
ReadyMED Plus to hire, for example, twice as many staff members to reduce patient wait times.  
7.1.3 Objectives 
The main objective of the model was to minimize patient time in the system, from the 
time the patient enters the facility to the time the patient leaves the facility. In addition, the 
patient throughput was tracked to determine whether or not ReadyMED Plus could increase the 
average number of patients it sees per day. However, patient throughput was not the objective, as 
ReadyMED Plus had repeatedly expressed its highest priority was reducing patient wait time. 
7.1.4 Results 
Throughout these runs and replications, OptQuest was able to produce many feasible 
solutions. The final recommendation for both the fast-track category and the non-fast-track 
category was developed from the results provided from the OptQuest model, each of which 
minimized the patient throughput time. 
Next, the Arena model was run with the parameters recommended by OptQuest for both 
the Each of the two simulations for approximately 30 cycles, each of which was modeled to last 
eleven hours, in order to mimic the opening hours of ReadyMED Plus. 
7.2 Option 1: Non-Fast-Track Recommendation 
Our first recommendation has a best-case OptQuest average patient throughput time of 54 
minutes. Running the Arena model with 30 replications using this resource allocation produced a 
mean total time of 74.37 minutes with a 95% confidence interval of (67.48, 81.26). Fast-track 
should be removed from the system, and the rooms should be converted so that there are six 
pediatric exam rooms and eight urgent care exam rooms. ReadyMED Plus should staff three 
urgent care doctors, two pediatricians, and ten MAs throughout the day, from 9 AM to 8 PM. 
According to the survey, this option would also reduce stress among staff members, and 
eliminate some of the fatigue certain clinicians feel when they have to treat many low-acuity 
patients in a row in the fast-track queue. 
7.3 Option 2: Fast-Track Recommendation 
Our other recommendation has a best-case OptQuest average patient throughput time of 
57 minutes. Running the Arena model with 30 replications using this resource allocation 
produced a mean total time of 75.14 minutes with a 95% confidence interval of (69.17, 81.11). 
 36 
Fast-track should be run, with two exam rooms and one fast-track doctor. In addition, eight 
rooms and two doctors should be devoted to urgent care, and four rooms and two pediatricians 
should be devoted to pediatrics. Fast-track should be run from 9 AM to 5 PM, and urgent care 
and pediatrics should be run from 9 AM to 8 PM. Ten MA’s should be staffed all day.  
The survey provided some additional recommendations on how to re-implement the fast-
track system. Triage and registration should be done by nurses rather than MAs, because they 
have more clinical knowledge which could help triage patients more accurately, and prevent the 
bottlenecks that form when patients are classified into the wrong queue. In addition, 
classification should be done consistently, with patients meeting the fast-track criteria being 
classified as fast-track regardless of the queues for fast-track and urgent care. Consistent 
classification will reduce bottlenecks and ease the strain on clinicians. Another recommendation 
from the survey was that clinicians should volunteer to work in fast-track, because some prefer 
the fast-paced nature of low-acuity diagnoses and treatments more than others. 
7.4 Final Recommendation and Implementation 
We recommend implementing the non-fast-track recommendation (Option 1) for a 
several reasons. Most significantly, ReadyMED Plus had eliminated the fast-track system 
partway through our partnership (January 1, 2018), so continuing this non-fast-track system 
would reduce any organizational changes of transitioning back to the fast-track option. The non-
fast-track recommendation also requires slightly different staffing needs; we did not conduct a 
cost analysis as we did not have data regarding ReadyMED Plus staff salaries. Finally, the 
average patient throughput time is slightly shorter (74 minutes instead of 75 minutes). 
One of the major concerns with Option 2 is the altered room distribution and increased 
stress on staff members. Pediatrics would only have four rooms, which would significantly slow 
down the pediatric queue, further impacting the overall average patient wait time. In addition, the 
utilization rate of the fast-track physicians would be low because of the variable rate at which 
fast-track patients arrive at the facility. Hiring multiple additional physicians would incur a 
significant cost, without significant improvement in patient wait time. 
As part of our recommendation, we also recommend better data collection methods so 
that future projects will have a better source of reliable, statistically significant data. We 
recommend installing electronic door tags, which will track the amount of time a clinician is in 
each room with a patient as well as wait times for the patient in the exam room. In order to 
ensure that they are being used effectively, we also recommend training all employees in their 
consistent use. 
 We broke down our main recommendation into short-term implementation tasks and 
long-term implementation tasks, which are listed below. Short-term tasks could be done in the 
near future, as they don’t require any significant financial or organizational investment, while 
long-term tasks should be completed within six months, if possible, to ensure patient wait times 
are shortened as soon as possible. 
● Short-Term Implementation:  
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○ Pediatrics should be operating all day 
○ Fast-track should be shut down 
○ Fast-track rooms should be converted to urgent care and pediatric rooms 
● Long-term Implementation: 
○ Two additional MA’s should be staffed for the duration of the facility’s operating 
hours, bringing the total to ten 
○ Electronic door tags should be installed and used 
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Chapter 8: Conclusion 
 As urgent care facilities continue to invest in better equipment and resources, patient 
volumes continue to rise. As patient volume increases, patient wait times also increase in urgent 
care facilities. There is recent research that suggests that implementing fast-track systems into 
healthcare facilities has the benefit of reducing patient wait times. The fast-track system is a 
separate queue allocated for low-acuity patients that can be treated in 20 minutes or less. Fast-
track systems have been particularly successful in emergency rooms. For example, Wellstar 
Paulding Hospital in Dallas, Georgia implemented a fast-track system in its emergency room in 
2009 and saw a 20.3 minute deduction in patient wait time (Haller, 2011). 
 ReadyMED Plus in Worcester, Massachusetts has seen a major increase in patient 
volume and patient wait times since opening in 2016 and implemented a fast-track system into 
its operations in September 2017. The first operating month of fast-track saw an overall decrease 
in patient wait times although patient volume continued to rise. However, the next few months 
did not show any benefits from the fast-track system. Confused by this data, ReadyMED Plus 
needed a better understanding of their fast-track system and recommendations on how to control 
patient wait times. 
 Our project focused on the examination of ReadyMED Plus’ fast-track system and 
creating a set of recommendations for ReadyMED Plus to reduce overall patient wait times. We 
completed the following four main objectives to ensure the success of our project: establish the 
current state of the system, conduct a sensitivity analysis, develop recommendations, and create a 
monthly analysis tool. We established the current state of the system by interviewing ReadyMED 
Plus managers, surveying staff members on their feelings regarding the current operations, and 
conducting a time study. Our time study data was then distributed into a discrete event 
simulation model using Arena Simulation Software. We created two simulation models: one 
model with fast-track and one model without fast-track. We then conducted a sensitivity analysis 
on these models by changing parameters to find the most efficient combination of resources to 
reduce patient wait times. 
 Our sensitivity analysis led us to two main recommendations. Our best-case scenario was 
a model without the fast-track system, with an extra medical assistant staffed, and with full 
operating hours on both the urgent care and pediatric sectors. This model reduced the average 
patient wait time from the current 83 minutes to 74 ± 7 minutes. As we found that the fast-track 
system could be effective if implemented correctly, our second recommended model included 
the fast-track system. This model included a significant increase in working staff members but 
did show an average patient wait time decrease from 83 minutes to 75 ± 6 minutes. This option 
also included changing more staffing schedules which would cost money and resources. This 
recommendation also included results from our interviews and survey. We recommended that 
nurses triage fast-track patients as they are more knowledgeable on the symptoms that can be 
treated in 20 minutes or less. We also recommended that doctors who enjoy working in fast-track 
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volunteer their time there as some doctors truly do not enjoy the fast-paced nature of fast-track, 
and this displeasure reducing their work productivity.  
 We presented our findings to members of Reliant Medical Group and ReadyMED Plus 
and also provided ReadyMED Plus with a monthly data analysis tool in Excel format coded in 
VBA. This tool was created to serve as a way to monitor next month’s patient volume and 
patient wait time forecast based on previous monthly data and to analyze the impact of any future 
operational changes, such as reintroducing the fast-track system. 
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Chapter 9: Design Process 
Accreditation Board for Engineering and Technology (ABET), the organization that 
accredits engineering education programs, has particular guidelines for a curriculum, and thus a 
capstone project such as a Major Qualifying Project (MQP). “The curriculum must prepare 
graduates to design, develop, implement, and improve integrated systems that include people, 
materials, information, equipment and energy. The curriculum must include in depth instruction 
to accomplish the integration of systems using appropriate analytical, computational, and 
experimental practices” (Engineering Accreditation Commission, 2014). Our project fulfilled all 
these requirements and more.  
The topic of our project was the “integrated system” of registration and treatment at 
ReadyMED Plus (Engineering, 2014). This system combined the services of physicians, MA’s, 
and nurses; each of whom has a different responsibility to keep the clinic operating and treating 
patients. We recommended a change to this integrated system that would increase the patient 
throughput as well as decrease average patient wait time. We utilized this information to design a 
new process, develop recommendations for the implementation of this process, and improve 
other aspects of the integrated system.  
Our project handled the stakeholders in this entire operation: the clinical staff, the 
administrative staff, and most importantly, the patients. Rather than simply recommending a 
change to the process of registration and treatment, we also took into account the typical human 
response to change, particularly in the medical field. We utilized effective change-management 
principles to ensure that our recommendations would be sustainable, and adopted by ReadyMED 
Plus. We kept the ReadyMED Plus clinical and administrative staff informed throughout our 
entire project, to ensure that our data collection methods were acceptable and that they agreed 
with our preliminary conclusions. Our overall goal was to improve patient experience by 
decreasing wait times, which had been indicated as a problem on surveys administered by 
ReadyMED Plus. 
Our methodology included qualitative as well as quantitative data collection, processing, 
and analysis methods. For qualitative methods, we had many conversations with Pat 
McCormack, the ReadyMED Practice Manager, to determine the most helpful area of the 
process for us to examine. We also developed and distributed a survey to all the staff members to 
determine their opinions of the current system as well as their willingness to incorporate our 
recommended changes.  
 To obtain quantitative data, we conducted a time study at the clinic. We observed and 
recorded times for patient registration, waiting, and treatment. We also created a discrete event 
simulation with Arena Simulation Software to help us draw conclusions about how the process 
should be modified to decrease patient wait times. In addition, we obtained patient arrival data 
from previous time periods and built a tool in Microsoft Excel using VBA coding to help 
managers better visualize patient wait times compared to patient load. We were able -to 
determine the problem to solve by using qualitative observations, but then determine a solution 
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set of recommendations using quantitative methods, showing how the intersection of these forms 
the cornerstone of Industrial Engineering.  
 There was significant thought and consideration about any constraints modeled in the 
design and execution of this project. We especially considered economic and sustainability 
constraints when choosing the scope of our recommendations. These affected the scope of 
project parameters that we evaluated to form our final recommendations. We only evaluated 
room constraints, and not space constraints, because those were out of our economic scope. We 
also did not evaluate patient arrival rates because changing them was not sustainable and would 
have significant costs. Finally, clinical suggestions were out of scope, so incorporating those into 
our model would be unethical because we have no medical training or knowledge. 
 This project offered many opportunities to allow us to learn outside of the classroom in a 
real-world setting. We learned about determining the scope of a project, evaluating what steps to 
take to reach our goal, and how to maximize the benefits of the project for all stakeholders 
involved. In addition, we determined what needs our sponsor had and what we could feasibly do 
to meet those needs. We also learned effective methods to conduct time studies while not being 
intrusive or causing any distress to patients or clinicians. This project gave us a good idea of 
what working in a healthcare environment as an industrial engineer can be like and it was a very 
positive experience for us and for the staff at ReadyMED Plus. 
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Appendices 
Appendix A: List of Patient Metrics 
 
Patient experience 
a. Length of stay (LOS) (Luangkesorn et al., 2012) 
b. Medically indicated length of stay (MLOS) (Luangkesorn et al., 2012) 
c. Average wait time before seeing a clinician 
i. Wait time in waiting room 
ii. Wait time in exam room 
d. Percentage of patients who wait more than half an hour before seeing a clinician 
(Oh et al., 2014) 
e. Time between symptom and diagnosis (Guadagnolo et al., 2011) 
f. Time between screening and diagnosis (Guadagnolo et al., 2011) 
g. Time between diagnosis confirmation and patient notification (Guadagnolo et al., 
2011) 
h. Time between diagnosis confirmation and specialist consultation (Guadagnolo et 
al., 2011) 
i. Time between diagnosis and first treatment (Guadagnolo et al., 2011) 
j. Time between consultation and treatment (Guadagnolo et al., 2011) 
k. Rate of leaving without being seen (LWBS) (Pham et al., 2009) 
2. Quality 
a. Readmission rate 
b. Number of patient visits per year 
c. Treatment plan adherence 
3. Cost 
a. Fixed/overhead costs 
i. Building 
ii. Equipment 
iii. Clinicians 
b. Variable costs 
i. Lab processing  
ii. Supplies 
iii. Clinicians 
c. Run rate 
4. Efficiency 
a. Provider idle time (Oh et al., 2014) 
b. Patient panel size (Wolfe, 2016) 
c. Clinician utilization rate 
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d. Space utilization rate 
i. Exam rooms 
ii. Procedure rooms 
iii. Lab processing rooms 
e. Percent of diagnostic resolution within a specific number of days 
f. Number of unplanned/preventable hospitalizations 
5. Arrivals 
a. Arrivals per week 
b. Interarrival time 
c. Mean value analysis of arrivals 
6. Congestion 
a. Blocking 
i. Blocking occurs when a patient’s MLOS is up but the next step in their 
process is not ready. For example, a patient in an examination room 
waiting for a lab procedure creates a block in the examination room 
(Luangkesorn et al., 2012). 
b. Diversion  
i. Diversion occurs when at the time of patient check-in there is no 
examination room or lab practitioner available, creating a queue at 
admissions (Luangkesorn et al., 2012). 
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Appendix B: Project Timeline 
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Appendix C: Patient Load Tool 
Provide a “user manual” for the tool, including screenshots of the Excel sheet 
1. Excel Formulas 
To create our monthly data analysis tool, we first soft-coded an Excel sheet to read 
corresponding monthly sheets with the format “Month Year” for example, “December 2017.” 
We then used the average, averageif, averageifs, count, and countif functions to filter and 
analyze the monthly data collected at ReadyMED Plus. The following figures capture the Excel 
formulas used to formulate the basis of the data analysis tool.  
 
 
 
Excel formula for average wait time by month 
 
 
Excel formula for patient volume by month 
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Excel formula for average wait time by birthdate of most recent month’s data 
 
 
Excel formula for patient volume by birthdate of most recent month’s data 
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Excel formula for average wait time by day of the week of most recent month’s data 
 
 
Excel formula for patient volume by day of the week of most recent month’s data 
 
 
Excel formula for average wait time by appointment type of most recent month’s 
data 
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Excel formula for patient volume by appointment type of most recent month’s 
data 
 
 
 
2. Visual Basic Interface 
This is what the current tool sheet looks like in our Excel model. When pressed, the 
buttons in the middle, will update the graphs on the other side with that month's data. The way 
that this was coded will allow sheets of future monthly data to be added into the tool and be 
easily analyzed. 
 
 
Excel tool user interface tab  
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Excel VBA Code 
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Appendix D: Tool User Guide 
Downloading the Tool 
First, make sure you have Excel 2015 or later or the tool will not work. 
To download the tool from Google Drive click on the link and click download. Make sure that 
you allow the macros to download. Go to settings, it should look like the image below. Click on 
“Customize Ribbon.” Then hit “OK.” 
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Open the options again and click on the “Trust Center”. 
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It should look like this. Next click on “Trust Center Settings” and then “Macro Settings.” Click 
on the button that says “enable all macros” outlined in red bellow. If you do not do this the tool 
will not run. 
 55 
  
 
If there is an issue with the buttons not working make sure to right click each button and assign 
the macro to the button using the appropriate month to the appropriate button.  
Adding More Data to the Tool 
To add new months to the monthly analysis tool click the top button of the excel sheet and copy 
the cell values. Add a new sheet in the tool. Paste special 123 the sheet and name the sheet in the 
same naming format as the previous months, “Month Year”. This is very important as the tool 
will not work if the sheet is not named correctly. Once you have added the new sheet you should 
be able to use the tool and click through and compare to the previous months.  
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Appendix E: Time Study Data 
 
Pediatrics Time Study Data:
 
 57 
Urgent Care Time Study Data:
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Registration Time Study Data: 
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Appendix F: Time Distributions 
UC MA time with patient: 
 
UC wait time between MA and physician:  
 
UC physician time with patient: 
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UC total patient time in room: 
 
Pediatrics MA time with patient: 
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Pediatrics wait time between MA and physician: 
 
Pediatrics physician time with patient: 
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Pediatrics total patient time in room: 
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Appendix G: Arena Model 
In order to conduct a useful feasibility study, we decided to create a simulation model using 
Arena software. We modeled the entire urgent care registration and treatment process within the 
system, then manipulated some of the variables to determine what recommendations to provide 
to ReadyMED Plus.  
 
 
Here are the sequential steps of the model: 
● Create module, to model patient arrivals: Patient arrival data was analyzed by hour over 
the past three months, which provided the following normal distribution of arrivals per 
hour for each hour in the day  
  
● Assign module, to document the number of patients in the system and provide the current 
time within the model 
● Process module, to model the kiosk check-in process 
● Decision module, to determine whether or not the patient checks off urgent symptoms at 
the kiosk, such as chest pain or shortness of breath 
○ If the patient does check off urgent symptoms, he or she is placed into a priority 
queue and examined by a nurse. If the nurse determines that the patient’s 
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condition is indeed serious, they call an ambulance and transfer the patient to a 
hospital, and the patient is decremented from the total count of patients in the 
system. If not, the patient is placed back into the regular queue with the rest of the 
non-urgent patients. 
● A series of decision modules with predefined probabilities to classify the patients into 
fast-track, urgent care, or pediatrics 
○ Fast-track also has a separate decision module, to ensure that the time within the 
model is within the fast-track operating hours of 9AM-5PM 
 
● Process modules occur for each step of patient treatment. Time distributions for each of 
these steps were calculated from time study data collected during the project. For each 
classification of patient there are the following steps: 
○ Process of MA examination 
○ Wait time between MA and doctor 
○ Process of doctor examination 
○ Wait time between doctor and treatment (if needed) 
○ Process of treatment (if needed) 
○ Process of patients exiting room 
● Assign module, to decrement patients exiting the system 
● Dispose module, to remove entities from the system 
 
To mimic the process of ReadyMED Plus’ opening hours, we set the simulation to run for an 
infinite time, but we scheduled entities to stop arriving after the eleventh hour was completed. 
We also set the terminating condition to be both the WIP=0 and the current time within the 
model >= 660 minutes (11 hours). This would ensure that patients who arrive close to the official 
closing time of 8:00 PM will still be treated, even after the clinic technically closes at 8:00 PM. 
 
 65 
 
 
Queues within the system are listed below, and include the virtual lines patients must wait in 
until a process can be completed. All queue disciplines are First In/First Out, with the exception 
of the fast-track queue, and the urgent symptom registration queue, listed and explained in the 
section above. 
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Appendix H: Staff Satisfaction Survey Results 
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I think that not utilizing fast track would allow for increased productivity for providers as the fast track patients 
are usually more straight forward and you can get through them quicker. When there is fast track and adult 
running the "adult" side sees more complex patients that therefore require more time which correlates with seeing 
less patients. From a stress stand point it is also promotes a more balanced work environment when you are able 
to see a mix of complex and straight forward patients. 
Patients spend too much time in rooms and too much time in the waiting room. 
Improved triage by a nurse or more skilled MA would greatly improve fast track.  Additionally consistency 
among documentation by MAs and Nurses would help to reduce time for documentation by providers and thus 
shorten wait times. Consider scribes for providers at RM Plus to reduce time for documentation 
having the extra provider makes a huge difference in wait times and  provider stress. 
I think fast-track is a good option. Perhaps having a few providers who volunteer to work in that role on a regular 
rotating basis b/c they are particularly interested in it and in making it work would be an option. There will 
inevitably be patients from time to time who are more complicated than the triage system initially identifies, 
however this is bound to happen in any medical setting. 
Seems like a good option but I don't have any data to go off of 
grouping providers differently 
slower providers should go to slower sites more often 
offer more efficient staff to the busier sites 
nursing staff to discharge patients, file flowsheets/meds,  would be helpful especially in auburn 
It was difficult with fast track because the providers not in fast track were burning out from seeing all the high 
acuity patients while the provider in fast track was also feeling drained from seeing a high volume of patients. I 
have worked both sides and found this to be true. Otherwise, the work environment itself is great. Most of the 
staff all seem to work well as a team to provide the best patient care possible. 
Staff competency/training, following standing rooming guidelines, appropriate med reconciliation, movement of 
patients to infusion when they have labs/infusion pending, triage of patients while they are in the waiting room to 
better determine their level of acuity 
Patients are often times not adequately triaged which can make fast tract slow down and make patients who seem 
like a simple in and out visit turn into much more complicated issues. Being able to ask the right questions to 
avoid this could help with triaging patients but do an actual full review of symptoms and not just asking the 
patient "Ok so any other symptoms?". 
I feel it should remain in place so that other providers can devote more attention to patients with high acuity or 
complexity. 
Fast tack is a great tool for the plus in efforts reduce wait times It just needs tweaking. From my limited 
observation many fast track appropriate patients were shuttle to the adult side. It is not out of the realm of 
possibility for the fast track provider to see 40 plus a day. I dont fully understand the inner working of the triage 
system, so can not comment or recommend improvements, but I saw 40 patients during a shift and could of easily 
hit 45 without feeling stressed. Also the providers must realize fast track is for quick episodic complaints. Not 
going down the rabbit hole and doing Cadillac work ups for chronic issues.  With the amount of high acuity 
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patients seen at the plus, wait times will always be an issue unless there a system is in place to quickly manage 
low acuity complaints. The plus is a hybrid entity in that there is the ability to manage both simple and complex 
patients. There should be a fast track area to maximize efficiency, lower the wait times, and reduce staff anxiety 
and stress. 
I feel fast-track can work if providers were willing to integrate fast-track patients and some higher acuity patients 
when the fast-track patients are not present on the kiosk.  Some providers are more than willing to do so, but too 
many providers have a one track mind when it comes to fast-track - only see fast-track patients.  Therefore, when 
there are no fast-track patients the first thought for some providers is to close fast-track instead of seeing some 
higher acuity patients to fill the gaps.  Even providers who are management would lean towards closing fast-track 
instead of seeing higher acuity patients until fast-track patients hit the kiosk.  The goal was to use at least one 
room for higher acuity patients and hold one room for fast-track for when those patients come in.  I have seen 
fast-track work with certain providers because they would see the fast-track patients and other patients when 
necessary without question and when that happened more often than not they would see more patients than most 
of the other providers.  I have been advised that the wait times as a whole did not improve though, but maybe 
because the process needs tweaking not eliminating. 
I think that fast track would be Morse successful if you had a nurse doing the triage. Asking ma’s to triage is 
inappropriate and above their scope of practice.  
The things I didn’t like about fast track were that 1. The provider doing it was alone on the pediatric side. I think 
this hindered it because they didn’t like being alone. On the urgent care side you would never get the reprieve of a 
simple cough or sinus issue, you were slammed with complex patients back to back which is exhausting.  
I think moving over with the rest of the providers would help with success and I think that not having a nurse do 
triage was a major issue.  
ReadyMED is an amazing place to work. Everyone is so supportive and collaborative and willing to help each 
other out. It really is enjoyable. 
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Appendix I: Arena Scenarios 
The state of the system when our team began our observations, our base scenario, can be seen 
below. It lists the number of resources available to process patients using the fast-track 
classification system. As part of our Arena analysis we changed several of these resources’ and 
variables’ values in order to determine the most effective resource allocation. 
 
 
Controls were established, to provide an upper bound, lower bound, suggested value, and step 
size. This was an important aspect of our OptQuest model because it maintains the bounds of 
feasibility for a particular recommendation. It is unreasonable for Reliant to staff ten doctors for 
every hour the facility is open, even though doing so would reduce patient wait time, so adding 
upper and lower bounds helps ensure that reasonable recommendations are developed. Controls 
can be seen below.  
 
Constraints were added as well, to account for the way variables interact with each other. The 
constraints were added to ensure that no more than 14 exam rooms were included in the 
recommendation, because that is the maximum number available to ReadyMED Plus. OptQuest 
then found the optimum number of rooms to assign to each patient classification. The fast-track 
constraint ensured that exam rooms would not be classified as fast-track rooms unless fast-track 
was running, so that rooms would not be unutilized. The constraints are detailed below. 
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The main objective expressed by ReadyMED Plus was decreasing the patient total time in the 
system, which also indirectly increases system throughput. This objective is listed below. 
 
Non-fast-track recommendations were developed when the OptQuest model was run with a fast-
track percentage of 0, and the exam room resources allocated to urgent care and pediatrics. 
Average patient throughput times are listed in ascending order in the second column, along with 
resource constraints in the following columns. We chose Simulation 43, because it had the 
shortest patient throughput time of 54.2 minutes. It is important to recognize that this is a best-
case scenario, and that in order to obtain realistic, statistically significant predictions, the optimal 
scenario must be run in the Arena model with replications. 
 
 
 
Fast-track recommendations were also developed when the OptQuest model was run with a fast-
track percentage of 20, and the exam room resources were allocated to urgent care, fast-track, 
and pediatrics. Average patient throughput times are listed in ascending order in the second 
column, along with resource constraints in the following columns. We chose Simulation 22, 
because it had the shortest patient throughput time of 56.8 minutes. It is important to recognize 
that this is a best-case scenario, and that in order to obtain realistic, statistically significant 
predictions, the optimal scenario must be run in the Arena model with replications. 
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